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Introduction
Recently, due to the many paramount properties advanced composite materials such as laminated shells are found an application area in the engineering projects. Tremendous researches have been performed on the LCS to clarify the advantages of using these types of materials. One of the focused topics in research subject is the transient vibration analysis of composite shells on elastic foundation.
In this paper, effect of curvature ratio and Winkler-Pasternak soil parameters on transient vibrations of anti-symmetrically cross-ply LCS on elastic foundation are analyzed ( Figure 1 ). The equation of motion for laminated rectangular shells resting on elastic foundation is obtained through Hamilton's principle. The closed form solutions are obtained by using Navier technique. The analysis is achieved in Laplace domain. By using modified Durbin's algorithm [1] , calculations are transformed to Laplace domain to the time domain.
Reissner theory [2] is one of the theories which include the shear deformation effect and many researchers have studied on the dynamic analysis of LCP by using Reissner theory. Many researchers have studies the free vibration of laminated composite shells [3] - [5] , [7] . Dogan and Arslan [6] investigated the effect of dimension on mode-shapes of composite shells. Sofiyev [8] studied the buckling of a cross-ply laminated nonhomogeneous orthotropic composite cylindrical thin shell under time dependent external pressure.
Qatu [9] and Reddy [10] used energy function to develop governing equations of LCS and presented studies including the effect of shear deformation for composite shells. Toh, Gong and Shim [11] investigated the transient stresses generated by low velocity impact on orthotropic laminated cylindrical shells. Temel and Sahan [12] studied on the Transient analysis of orthotropic viscoelastic thick plates. Hui-Shen et al. [13] investigated dynamic behaviour of LCP on elastic foundation under thermomechanical loading. Pasternak [14] presented new method calculation for flexible substructures and modeled the foundation with two parameters. Akavci et al. [15] examined dynamic behavior of LCP on elastic foundation by using First-order Shear Deformation Theory (FSDT). Civalek [16] studied nonlinear dynamic response of laminated plates resting on nonlinear elastic foundations by the discrete singular convolution-differential quadrature coupled approaches.
Materials and Methods
A lamina is produced with the isotropic homogenous fibers and matrix materials. Any point on a fiber and/or on matrix and/or on matrix-fiber interface has crucial effect on the stiffness of the lamina (Figure 2-3 ). Due to the big variation on the properties of lamina from point to point, macro-mechanical properties.of lamina are determined based on the statistical approach. According to FSDT, the transverse normal do not remain perpendicular to the mid-surface after deformation. It will be assumed that the deformation of the plates and shells is completely determined by the displacement of its middle surface. 
The displacement based on shell theory can be written as
Where u, v, w, φ α and φ β are displacements and rotations in α, β, z direction, orderly. uo, vo and wo are mid-plane displacements. 
Potential energy can define as
and Lagrangian funtion is
Lagrangian function is set to zero and the Hamilton principle is applied to the Lagrange equation. Hamilton's principle can be used to find equation of motion for shell structures.
where T is the kinetic energy of the structure
W is the work of the external forces
in which qα, qβ, qz, mα, mβ are the external forces and moments, respectively. U is the strain energy and UF is the spring strain energy defined as,
Where k0 is the Winkler foundation parameter and k1 is the Pasternak foundation parameter. Solving equation 2 gives set of equations called equations of motion for shell structures. This gives equation 12 in simplified form as, 
Where,
i,j=1,2,4,5,6
k is Nth layer of the shell per unit midsurface area. Where the parameter Ki and Kj is the shear correction factor. Here, K is taken as 5/6. Co value and mass moment inertia terms are 
ρ (k) is the mass density of the kth layer of the shell per unit midsurface area. The Navier type solution might be implemented to thick and thin shells. This type solution assumes that the displacement section of the shells can be denoted as sine and cosine trigonometric functions.
Assume a shell with shear diaphragm boundaries on all edges. For simply supported thick shells, boundary conditions can be arranged as follows:
The displacement functions of satisfied the boundary conditions apply;
where αm=mπ/a, βn=nπ/b. 
where ) ( denotes parameters in Laplace domain and z is the Laplace parameter. Initial conditions for the displacement and velocity vectors are taken be zero. As a special application for the current study, vibration analysis might be performed by simply eliminating the loads and substituting the Laplace parameter "z" with "iω". Therefore, eigenvalues can present us the natural frequencies. The calculations are transformed from Laplace domain to time domain using the Durbin's algorithm.
Differential equations can be solved with the help of the numerical operation method which is Laplace transformation method. In this approach it is possible to remove the time parameter by using Laplace transformation. Non-time dependent differential equations can easily be solved with numerical methods. The solutions obtained in the Laplace space can be transformed into time space using Durbin's modified using inverse Laplace transform technique.
Numerical solutions and discussions
In current research, forced vibration analyses of symmetric and anti-symmetric LCS on elastic foundation are investigated. Navier solution procedure for dynamic response of LCS is obtained. The computer programs have been prepared using Mathematica [18] program separately for the solution of the dynamic response of LCS on elastic foundation.
In this part, different numerical problems are given about dynamic analysis of LCS. Firstly, prepared computer program was validated and this problem is investigated under an impulsive load. The effects of the R/a ratios and foundation parameters on dynamic response are also investigated.
In the analysis, following parameters are studied for Winkler and Pasternak foundation as;
As a first example, a simply supported anti-symmetric [0°/90°] laminated composite plate subjected to uniformly distributed step impulsive load is considered (Figure 4) . The results obtained have been compared in Figure 5 . In numerical calculations for forced vibration of LCP, the material and geometrical properties are defined as: a = 1m, a/b =1, a/h =10, ρ = 2000 kg/m 3 , E1 = 25×10 3 MPa, E1/E2 =25, G12/E2 = G13/E2 = 0.5, G23/E2 = 0.2, υ = 0.25. A uniformly distributed step impulsive load, qo= 1000 N/m 2 , is applied on the plate. Laplace transform parameter (N=512) and time increment value of (dt=0.00064) have been used. It can be seen from Figure 5 that the results between current study and other studies for the vertical displacement values are very close to each other.
In second example, the material and geometrical properties are defined as: a = 1m , a/b = 1; a/h = 10; R/a=∞ (plate), 10, 1, 0.5, 0.382(cylinder), ρ = 2000 kg/m 3 , E1 = 25×10 3 MPa, E1/E2 =25, G12/E2 = G13/E2 = 0.6, G23/E2 = 0.5, υ = 0.25. The number of terms that taken into account in the m and n cycle is seven (i.e. m=7 and n=7).
A uniformly distributed step impulsive load, qo= 2000 N/m 2 , is applied on the shell. The influences of R/a and foundation parameters on the forced vibration of the anti-symmetrically LCS under time-dependent load are investigated. In this part, Laplace transform parameter (N=512) and time increment value of (dt=0.0001) have been used.
Forced vibration analysis for anti-symmetrically thick LCS on elastic foundation under time-dependent load with different values of R/a and foundation parameters when the E1/E2 is kept constant at 25 are given in Figs. 6-7. It might be observed in figures that rises in foundation parameters cause to a decrease on the displacement and stress amplitude for antisymmetrically laminated thick shells on elastic foundation. Also, decrease of R/a ratio disappeared the effect of Winkler parameter on the displacement amplitude. When the vertical displacement values corresponding to the maximum points on the curves are compared to each other, it can be seen from Figure 5 that the vertical displacements values on maximum points of curves decrease when the foundation parameters change from (k0=0, k1=0) to (k0=100, k1=0). The curve decreases a little more when the foundation parameters change from (k0=0, k1=0) to (k0=100, k1=10). Influence of Pasternak parameter on dynamic response is more prominent than Winkler parameter for the anti-symmetric laminated scheme. 
Results
In this study, forced vibration analyses of anti-symmetrically cross-ply laminated composite shells based on elastic foundation are investigated. The most important observations and results are summarized as follows:
Curvature ratio (R/a) is an effective parameter on the foundation stiffness, increase of R/a ratios increased the displacement and stress values.
For the cross-ply laminated composite shells, increase of foundation parameters (k0 and k1) decreased the displacement and stresses values.
Results also showed that k1 is more effective than that of the k0.
Not only the Winkler parameter is sufficient in the in the evaluation of the laminated shells on elastic foundation, but also Pasternak parameter have to taken into account.
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